This study was conducted to compare the genotoxic effects of various concentrations of plant oils from Eruca sativa (Brassicaceae), Zingiber officinale (Zingiberaceae) and Origanum majorana (Lamiaceae) to the conventional organophosphate insecticide (Chlorpyrifos) against Rhyzopertha dominica Fabricius. The R. dominica population was reared for several generations without exposure to any insecticide. Wheat grains were sterilized at 55
Introduction
The lesser grain borer, Rhyzopertha dominica (Coleoptera: Bostrichidae), is one of the most serious pests of stored grain worldwide due to the quantitative and qualitative losses that it causes [1] . R. dominica is a major pest of the stored grains in the world. Insects in immature stages may develop inside the grain. Larvae or adults feeding on grain kernels may leave behind dust, and thin brown shells or a musty odor are often associated with the infestations of this insect [2] . However, residues from synthetic insecticides are a potential hazard for mammals and insect resistance to synthetic insecticides is an ongoing challenge [3] . Therefore, there is a need to search for natural organic sources of insecticide that are available, affordable, less toxic to mammals and less detrimental to the environment [4] . Chemical insecticides are effective tools against this pest. However, the extensive use of chemical insecticides may cause such problems as mutation and carcinogenesis in non-target organisms or pest resistance [5] . Thus, it is very important to find other safer compounds that provide protection against pests without harmful effects to the non-target organisms. Recently, new approaches to control stored-product pests using materials of natural origin are being pursued because of their lower environmental hazard risk and mammalian toxicity [6] . Stored product protection methods involve mixing grains with plant oils [7] . However, many studies aiming to estimate the toxicity and mortality of plant essential oils against R. dominica used plants belonging to Lamiaceae and another plant families because of their constituents, such as monoterpenoids, sulphur compounds and thiocyanates [8] . Additionally, many reports have concluded that monoterpenoids cause insect mortality by inhibiting acetylcholinesterase enzyme activity [9] . Methylthiobutyl-isothyiocyanate, which is the main bioactive component in Eruca sativa (salad rocket), has high toxicity against insects and low mammalian toxicity compared to other active ITCs [10] . The most toxic essential oils were extracted from Origanum majorana and Thymus serpyllu, which contain Isoprenoids and phenylpropanoids [11] . Additionally, the essential oil contents of Zingiber officinale (␣-zingibereno, geranial, neral and ␣-farneseno) are safe to mammals but harmful to insects [12] .
Currently, many studies use a specific technique to measure the genotoxic effect of plant products on multiple systems: random amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR). This technique is used for large-scale analysis of multiple samples for measuring the effects of genotoxic chemicals [13] . RAPD is a PCR-based technique that amplifies random DNA fragments of genomic DNA with single short primers with arbitrary nucleotide sequences under low annealing conditions [14] and [15] . The RAPD-PCR technique was used recently to check the genotoxicity of xenobiotic agents in biological systems by studying genomic DNA damage and mutation [16] [17] [18] . Polymorphisms are detected by RAPD profiles through disappearance of a normal band and appearance of a new band in comparing RAPD profiles [19, 20] .
The object of this study is to evaluate the toxic effect, as well as genotoxic hazards, of three plant oils and a recommended insecticide (Chlorpyrifos) against R. dominica adults using RAPD-PCR.
Materials and methods

Plant material
Wild-grown plants were collected in the Sinai region. The plant materials were collected during 2015 and cleaned, dried, ground into a powder and kept in tightly closed containers under laboratory conditions. Natural herbs from different families were used; Salad rocket -E. sativa (Brassicaceae), Ginger -Z. officinale (Zingiberaceae) and Marjoram -O. majorana (Lamiaceae).
Preparation of the plant oil extracts
Plant samples (100 g from each plant) were subjected to hydro-distillation for 2 h using the Clevenger apparatus according to the method of Clevenger [21] . Oil extracts were stored in clean dark glass bottles at 4 • C for the experimental trials.
Insecticide
Chlorpyrifos was obtained from local nursery in Saudi Arabia and its chemical purity was 99.8%. 13 C 2 -15 N-Chlorpyrifos.
Chemicals
All chemicals used in the present study were obtained from Sigma, except the following: Taq DNA polymerase (Promega, USA), dNTPs (Boehringer Mannheim), DNA extraction reagents, agarose gel (Qiagen), oligonucleotides as random primers (Operon Tech. Inc., USA), DNA Maker for agarose gel electrophoresis (Gibco BRL) and loading dye solution (Fermentas, Lithuania).
Tested insect and toxicological assay
R. dominica adults used in this study were reared for several generations in the Grains and Stored Product Pests Department, Plant Protection Research Institute, Agricultural Research Center, Ministry of Agriculture and Land Reclamation in Dokki, Giza-Egypt.
The insects used in this study were reared for several generations without exposure to any insecticide. Wheat grains given as food for the insect pests were sterilized at 55 • C for 6 h in order to eliminate any hidden infestation, then mixed with serial concentrations of E. sativa, Z. officinale and O. majorana oils (1.0, 0.5, 0.25, 0.125 and 0.0625%, w/w) or Chlorpyrifos (0.1, 0.08, 0.06, 0.04 and 0.02%). The treated wheat grains were put into sterilized glass jars and rotated manually to coat the wheat grains with a thin film of oil. The jars were covered with muslin cloth in a culture room under constant conditions throughout the experiment at 27 ± 2 • C and 65 ± 5% RH to investigate the mortality percentages and to identify the LC 25 , LC 50 and LC 90 for each compound [22] . An untreated control was maintained under identical conditions for comparison.
RAPD-DNA profile
RAPD-PCR analysis was carried out in genetics lab of the Biology Department at Umm Al Qura University, Saudi Arabia. Genomic DNA was isolated from untreated, LC 25 and LC 50 -treated R. dominica using the CTAB method according to Doyle and Doyle [23] . DNA amplification was performed in 10 mg reactions containing 20 ng of genomic DNA, 0.5-unit Tag polymerase, 200 g each of dCTP, dATP, dGTA, dTTP, 5 pmoles random primers (Table 1) and appropriate amount of amplification buffer. Reaction mixtures were prepared on ice then overlaid with a drop of mineral oil. Amplification was performed for 45 cycles using A Perkin-Elmer TC480 thermal cycler as follows: One cycle at 92 • C for 3 min, 45 cycles at 92 • C for 30 s, 35 • C for 60 s and 72 • C for 2 min. Finally, the reaction was incubated at 72 • C for 10 min followed by a further 10 min incubation at 63 • C. Electrophoresis was performed in a 2% agarose gel in TAE buffer (0.04 M Tris-acetate, 1 mM EDTA, pH 8). RAPD products were stained with 0.2 g/ml Ethidium bromide, photographed under Table 1 The primer sequences used in the RAPD-PCR of the tested insect.
No.
Primer name Sequences 5 → 3
UV-light and documented using Gel Documentation System (Bio Rad, USA).
Data analysis
All mortality data were corrected for natural mortality using Abbott's formula [24] . The data were analyzed according to previous methods [25] to estimate values of LC 25 , LC 50 , LC 90 and slope. The toxicity index values were described according to Sun [26] Genomic template stability (%) was calculated as 100 − (100 a/n), according to Luceri [20] , where (n) is the number of total bands in the control and (a) signifies RAPD polymorphic profiles detected in each treatment sample. The average was subsequently calculated for each experimental group exposed to different treatments.
Results and discussion
Comparison on the basis of mortality percentages
The data illustrated in Table 2 indicated that mortality percentages recorded for Chlorpyrifos ranged from 45.0% to 98.33% after 8 days. In contrast, the mortality percentages for E. sativa, Z. officinale and O. majorana ranged from 55.5-100.0%, 27.3-100.0% and 22.3-100.0%, respectively, after 8 days, depending on the concentrations used. Therefore, the tabulated results indicated that E. sativa was the most potent plant oil for R. dominica control among those tested. Mortality percentages of R. dominica increased proportionally with increasing concentrations of Chlorpyrifos and plant oils. After 2 days of exposure, Chlorpyrifos induced 80.0% mortality at 0.1 g/100 g of wheat grains, E. sativa induced 100% mortality, Z. officinale 93.3% mortality, and O. majorana 88.3% at 1.0 g/100 g of wheat grains. Z. officinale and O. majorana caused 100% mortality after 4 days of exposure, in contrast to Chlorpyrifos at the recommended pesticide concentration, which resulted in 88.33% mortality after 4 days (Table 2) .
Generally, the plant oil extracts gave encouraging results for R. dominica control. These results agree with Rajendran and Sriranjini [8] , who stated that some of the 
Comparison on the basis of LC values, toxicity index and resistance ratio
The data obtained in (Table 3 , Fig. 1 of Chlorpyrifos was 0.052%. Comparing on the basis of toxicity index at LC 50 , it was found that Chlorpyrifos was distinctly more potent (100%) than other plant oil extracts, and O. majorana was the least effective, being 16.25% as toxic as Chlorpyrifos against R. dominica. Upon examining the resistance ratio levels at LC 50 it was found that R. dominica had high resistance to O. majorana followed by Z. officinale followed by E. Sativa, and Chlorpyrifos was the most effective compound. The results agree with those obtained by [30] who recorded that the LC 50 of Citrus reticulata against larvae of Tribolium castaneum was 20.70 l and 14.82 l at 48 and 72 h of exposure, respectively. The results also agree with Kailash and Bhanwar [31] , who concluded that six oil treatments: Neem (Azadirachta indica A. Juss), Castor (Ricinus communis), Karanj (Pongamia pinnata), mustard (Brassica juncea), Eucalyptus (Eucalyptus melanophloia) and Taramira (E. sativa), which were evaluated at three dose levels (0.1, 0.5, and 1.0% v/w) against R. dominica. These results are consistent with previous studies that have worked on the control of the stored product pests [32, 33] .
RAPD-PCR DNA analysis
Genetic variation in R. dominica DNA fragments after treatment with LC 50 and LC 25 of Chlorpyrifos, E. sativa, Z. officinale and O. majorana was examined by RAPD-PCR DNA analysis. The polymorphic bands of five primers were scored as present (+) and absent (−) as indicated in (Fig. 2 ) and illustrated in (Table 4) . Two primers (A01 and A04) produced ten polymorphic bands with sizes of 190, 270, 350, 550, 600, 850, 1400, 1780, 2120, and 2300 bp; and 380, 500, 600, 690, 790, 950, 1000, 1300, 1750, and 1900 bp, respectively, after treatment compared with the control, whereas primer A09 produced seven polymorphic bands with sizes of 220, 280, 370, 400, 1400, 1750 and 2500 bp after treatment with LC 50 and LC 25 compared with the control.
The S4 primer gave six polymorphic bands with sizes of 300, 1300, 1450, 1900, 2500 and 3000 bp while primer S8 produced ten polymorphic bands with sizes of 290, 670, 710, 800, 900, 1100, 1300, 1400, 1900 and 2800 bp compared to the control. Treatment with LC 25 of O. Majorana, E. sativa and Chlorpyrifos resulted in the disappearance of DNA bands from primer A01 with sizes of 190, 270, 550, 600 and 850 bp; 850 bp; and 350, 1400 and 1780 bp, respectively. LC 50 of Chlorpyrifos, E. sativa and O. majorana resulted in the disappearance of bands at 350 bp; 350 and 550 bp; 1400 bp; and 350 and 1400 bp, respectively.
In the case of primer A04, DNA bands with sizes of 380, 600, 950 and 1000 bp, and 600 and 1750 bp disappeared as a result of treatment with LC 25 of O. majorana and Z. officinale, respectively, whereas bands of 600 and 950 bp disappeared with LC 25 of E. sativa and Chlorpyrifos. Additionally, disappearance of the 600 bp DNA band was caused by treatment with LC 50 of E. sativa, Z. officinale and O. majorana compared to control.
In case of primer A09 LC 50 of E. sativa and O. majorana caused disappearance of the DNA bands at 220 and 280 bp, respectively, while LC 25 of O. majorana caused disappearance of the DNA bands with sizes of 220 and 370 bp.
In case of primer S4, it was found that LC 50 of Chlorpyrifos and E. sativa caused disappearance of the 1450 bp DNA band and LC 25 of O. majorana caused disappearance of the 300 bp DNA band. LC 50 of E. sativa caused disappearance of the DNA bands with sizes of 290, 670, 800 and 900 bp and LC 25 of Chlorpyrifos and O. majorana caused disappearance of the 670 and 290 bp DNA bands, respectively.
Regarding the appearance of new DNA fragments, in the case of primer A01, two new DNA bands with sizes of 2120 and 2300 bp were detected. In the case of primers A04 and S8 the presence of six new DNA bands with sizes of 500, 690, 790, 1300, 1750 and 1900 bp and 710, 1100, 1300, 1400, 1900 and 2800, respectively, were detected. In case of A09 and S4 primers the treatments induced the presence of four new DNA bands with sizes of 400, 1400, 1750 and 2500 bp, and 1300, 1900, 2500 and 3000 bp, respectively, which were absent in the control (Table 4 , Fig. 2 ).
This study demonstrated that exposure to Chlorpyrifos resulted the highest level of DNA alteration, as indicated by the appearance and disappearance of DNA bands, followed by E. sativa, Z. officinale and O. majorana in that order. These DNA alterations might be related to the differences in R. dominica mortality induced by the compounds. These results are considered a confirmative tool for the evaluation of genomic template stability (a qualitative measure reflecting changes in RAPD profiles), which is affected by the toxic substances. Thus, DNA polymorphisms detected by RAPD 
The polymorphic bands of five primers were scored as appearance of a new band (+) and disappearance of a normal band (−).
analysis could be used to investigate pest toxicology and as a useful biomarker assay for the detection of genotoxic effects of natural plant oils on R. dominica. These results are in agreement with previous studies that have stated that the RAPD-PCR assay is a useful tool to detect genomic instability, genetic deletion and insertions [34] . There is a strong correlation between the overall level of DNA alteration and variations in the number of DNA bands detected with RAPD-PCR [35] . In the field of genetic toxicology, most RAPD-PCR studies describe changes such as differences in band intensity as well as gain/loss of RAPD bands, [36] . Analysis assays based on RAPD-PCR are very important as a strategy to assay genome-wide DNA variation induced by genotoxic compounds [37] . DNA-based assays such as RAPD-PCR are the most widely used tools for assessment of the genetic variation and detection of DNA damage [38] . DNA variation was induced by C. speciosus on A. cepa cells and lead to changes in the RAPD profiles such as variation in band intensity and appearance or disappearance of new bands, [39] .
Conclusions
The present study's results demonstrated significant DNA polymorphisms or alterations in R. dominica after treatment with LC 50 and LC 25 of Chlorpyrifos, E. sativa, Z. officinale and O. majorana. After 48 h of exposure, Chlorpyrifos resulted in the highest level of DNA alterations, as measured by the appearance and/or disappearance DNA bands followed by E. Sativa and Z. officinale thereafter and finally O. majorana oil. These results might be correlated to the differences in mortality effects. Additionally, it was found that the A01, A04, A09, S4 and S8 primers were informative for detecting toxicity of these substances that induce specific genomic alterations. Molecular characterization of these markers would be useful to determine if they can be broadly applied to evaluate changes in DNA induced by plant oils and thus have wide range of applicability in toxicological studies. Plant oils can be used as one of the integrated pest management tools to control R. dominica in stored products because they are safer than chemical insecticides.
